In equine field practice, the diagnosis of small intestinal disorders is usually based on the presence of distended loops on rectal palpation and large volumes of reflux obtained after the passage of a nasogastric tube.
Introduction
Rectal examination, a basic diagnostic tool in horses with colic, is limited to only 30-40% of the peritoneal cavity due to the large size of the equine abdomen (Mueller et al. 2000) . Percutaneous ultrasonography provides valuable additional information about the abdominal organs in a noninvasive manner (Scharner et al. 2002 , Reef et al. 2004 ). To reach a clinical diagnosis in colic cases, physical, rectal, and ultrasound examinations, nasogastric intubation, haematological and biochemical tests and abdominocentesis may be performed. Sonographic examination can easily be performed and may act as an important comCorrespondence to: Zdzisław Kiełbowicz, e-mail: zdzislaw.kielbowicz@up.wroc.pl ponent in evaluation of horses showing signs of colic. Percutaneous ultrasonography provides additional information relating to the presence of intestinal motility or the visualization of parts of the abdomen that are inaccessible by rectal palpation (Scharner et al. 2002) . It is also an invaluable diagnostic tool for individuals that can't undergo rectal examination (size of the individual or facility restrictions, history of rectal bleeding or tear, excessive straining, aggressive or unsafe behavior).
Small intestinal disorders in horses may be of a variable origin but they are usually considered as ileus -mechanical (obturation, strangulation) or functional (spasmodic, paralytic). In early stages of the disease, distended loops may not be palpable on rectal examination. In some forms of strangulation (for example caused by mesodiverticular bands, epiploic foramen entrapment), the degeneration of the intestinal wall may already be manifested without distended loops being identified by rectal palpation. The specific diagnosis of SI strangulation may not be identified in the early stages based solely on rectal examination. Concurrent distention of the cecum and/or large colon may also make it difficult to identify distended loops of small intestine. Changes in small intestinal shape, motility, their location, and abnormal diameter can be detected with sonography in the early stages of disease. Distention is defined when the diameter exceeds 5 cm, wall oedema when the wall thickness is over 3 mm. The most common locations for identifying strangulated small intestine are the lower flank regions and ventral abdomen (Scharner et al. 2002) . The purpose of this study was to identify which measurable parameters (SI loops diameter in cross section, SI motility, number of areas where distended loops of SI were visualized, SI wall thickness) are of the greatest value in diagnosing small intestinal disorder in horses.
Materials and Methods
A total of 145 horses from the patient records of the Dubai Equine Hospital (Dubai, United Arab Emirates) with signs of acute abdominal pain were examined and represented 148 clinical cases. 15.54% (22 horses and 23 cases) had small intestinal disorders, 73.65% large intestinal abnormalities. In fourteen cases, a specific diagnosis was not reached. However, these horses did not require long-term treatment.
Initially, each horse was subjected to a routine colic examination which consisted of a physical exam, rectal palpation, nasogastric intubation and percutaneous ultrasound examination. For horses that were too painful to safely perform a complete physical examination, transabdominal ultrasound was usually performed after sedation.
Complete evaluation of the adult equine abdomen requires deep tissue penetration and a low frequency ultrasound transducer. Percutaneous ultrasound examination was performed with a convex probe of frequency 2.5-3.5 MHz, and the depth of penetration varied from 10-25 cm. The hair coat wasn't clipped, only the skin soaked with isopropyl alcohol. Time of examination varied between 5-15 minutes. The procedure was well tolerated. The examination was performed in systematic approach (protocol):
1) 6th-17th intercostal spaces of the right side The parameters of the ultrasonographic research that have been subjected to evaluation in the present study were:
-shape of SI loops in cross-section, -diameter of SI loops (when their shape was round in cross-section),
-SI motility, -number of areas where distended loops of SI were identified, -small intestinal wall thickness, -presence/absence of sedimentation of ingesta inside SI lumen.
Results
Normal loops of small intestine on examination of horses with abnormalities in other parts of the gastrointestinal tract were usually visible in areas RV, V1 and V2 (Fig. 1) . In cross section, they were mostly triangle-shaped with the lumen visible only in the stage of distention (relaxation). Some diseases of the large intestine (impactions and displacements) resulted in varying degrees of small intestinal distention but peristalsis was always visible. Their shape in cross-section was usually oval with the lumen transparently detectable (Figs. 2, 3, 4) . The most common areas of visualization were also RV, V1 and V2. The highest measurements were 6.78 cm x 5.94 cm.
In this study, the diagnosis of SI disorders was confirmed during surgical exploration of the abdomen (18 horses) or the resolution of clinical signs followed by changes in ultrasonographic appearance (5 horses). The shape of small intestinal loops on ultrasonographic examination of all these horses was round in cross-section (Figs. 5, Fig. 6 ). Therefore, the measurement of their diameter was possible to perform. For patients treated medically it varied from 2.82 cm -5. 41 cm (mean 4.38 cm), for horses that underwent exploratory laparotomy the measurements were 5.0 cm -6.77 cm (mean 5.5 cm). The second parameter most influenced by small intestinal disorders was motility which was either compromised or absent (Fig. 7) . The number of areas where the loops were identified changed significantly for these horses (Fig. 8) . The most common areas remained RV, V1, V2 but others were more frequently involved (RD, LV, LD, left and right intercostal spaces). Pearson's correlation between this two parameters in group of horses with confirmed SI disease confirmed the existence of high dependence. Wall oedema was observed in 6 horses that had a small intestinal lesion requiring surgical treatment (Fig. 9) . The measurements were 4.4 mm -7.1 mm. Two of these horses didn't require bowel resection and recovered well from surgery. From the remaining 4, 2 cases required resection and the other 2 were humanely euthanized. In the later two horses, necrotic loops of small intestine were confirmed during surgery. Sedimentation of ingesta was seen in 1 horse treated medically (post exhaustion ileus) and 3 treated by exploratory laparotomy (Fig. 10) . Two of the horses treated surgically required intestinal resection due to bowel necrosis.
It is believed to be an incidental finding when small intestine is visible between the spleen and left kidney. In one case, distended, amotile loops were visible in this area. Exploratory laparotomy confirmed the entrapment of small intestine in the nephrosplenic space and 1.5 meters of compromised bowel had to be resected.
Jejuno-jejunal intussusception was confirmed surgically in one case. The characteristic "bull's eye" image was obtained on ultrasonographic examination of this horse. This term was first introduced in human medicine and transferred to veterinary diagnostics (Montali G. et al. 1983) . It has been noted that ultrasound is the only available preoperative diagnostic tool leading to this specific diagnosis.
Two horses had an epiploic foramen entrapment. Dilated, atonic loops of small intestine were detected on ultrasound examination in areas V1, V2, RD and RV. Some authors claim that this localization primarily on the right side of the abdomen is typical for this form of entrapment due to the topography of the epiploic bursa (Scharner et al. 2002) . The diagnosis of inguinal herniation was aided by ultrasound examination and confirmed during exploratory laparotomy in three horses. Distended loops of SI were always visible around the testicular stroma of the affected side.
Discussion
Small intestine was observed in various locations during transabdominal ultrasound examination of horses with different gastrointestinal disorders. The most common area of visualization of pathologic loops was the most ventral portion's of abdomen. This was similar to what had previously been reported (Klohnen et al. 1996) . Traditional examination of the horse with an acute, painful abdomen is based on physical and rectal examinations. For small intestinal abnormalities, a diagnosis is made when distended loops are palpable per rectum and/or the attainment of gastric reflux. In this study, a positive rectal examination result was reached in 14 horses with confirmed SI abnormality (60.9%). In 6 other cases (26.1%), the only findings were large colon and/or cecum gas distention or a full urinary bladder. In 3 horses (13%), rectal palpation wasn't performed because of excessive pain, a history of rectal bleeding, or because of the small size of the individual. In 39.1% of cases of SI disorder, the diagnosis couldn't be reached based on rectal findings. Other authors have reported rectal palpation to be an efficient diagnostic tool in 50% (Klohnen et al. 1996) to 90% (Scharner et al. 2002) of horses with SI disorders.
In only 11 horses with small intestinal disorders (47.8%) did the passage of a nasogastric tube result in 6 or more liters of gastric reflux. None of these horses had stomach decompression less than 3 hours prior to referral. Medium volume of gastric reflux was higher for horses that didn't require surgical intervention (9.6 liters versus 5.05 liters). However, for horses that underwent exploratory laparotomy, the maximum volumes were higher (24 liters versus 16 liters). This difference correlated well with the varying degrees of gastric distention noted on ultrasound examination. For horses treated medically, the greatest curvature of the stomach was observed between the 13th and 16th left intercostal spaces. In patients with surgical lesions, this curvature was observed from the 10th intercostal space to the left flank. It is possible that medically treated horses were dealing with primary inflammation rather than a physical obstruction. Due to abnormal secretion, the inflamed bowel produced constant amounts of fluid which stayed within the lumen and moved antiperistaltically to the stomach. Surgical strangulation lesions may not provide large volumes of fluid moving toward the stomach if they are examined early or have much higher volumes if examined late in the course of the colic. In our experience, many surgical horses have distal lesions. Thus, fluid accumulation had not physically had enough time to reach the stomach due to the long distances involved. Transabdominal ultrasound examination is of great diagnostic value, especially for cases of relatively short duration. Distended SI loops with compromised or absent motility are usually observed in the early stages of disease in the absence of significant gastric reflux.
In one study (Klohnen et al. 1996) , the small intestinal ultrasonographic parameters that appeared important in determining the need for surgical intervention included an increased diameter in cross sectional appearance, increased wall thickness, and decreased motility. The analysis of 226 horses hospitalized due to an acute abdomen demonstrated that the visualization of amotile loops of SI with a thickened wall was a significant reason for performing an exploratory laparotomy. In our study, the term of diameter was used only for amotile or hypomotile loops which appeared rounded on cross section. This measurement was higher for horses treated surgically (mean 5.5 cm) then for those treated medically (mean 4.38 cm). A complete lack of visible motility was detected most frequently in horses that underwent an exploratory laparotomy (77.7%) versus those that did not (60%). The need for surgery was also increased by the number of areas where distended loops were identified on abdominal ultrasound examination. This measurement was also significantly higher for horses that required small intestinal resection. Small intestinal wall thickness appeared to be of lower value than for large intestinal disorders. According to some authors (Klohnen et al. 1996) , this measurement may not be accurate due to its small size (less than 3 mm). Others claim that slight changes in wall thickness measurements are less valuable as the intestinal wall is not a straight line and the examination isn't usually performed with a linear transducer due to the high penetration depth required. Given the small distances involved in a measurement of wall thickness, significant luminal distention may further compromise the ability to get an accurate measurement. Perhaps only a significant increase in wall thickness is of great diagnostic value (Scharner et al. 2002) . Ten of 12 horses which required resection (from 0.2 m to 14.0 m) had SI wall thickness below 4 mm. The appearance of wall oedema was a poor prognostic sign but did not always indicate a need for resection. However, it can be a sign that surgical treatment is required. The sedimentation of ingesta within the intestinal lumen was observed in 4 cases, one of which was a post-endurance ileus that was successfully managed medically. The other authors claim that visualisation of distended, amotile SI loops with thickened wall provides sensitivity, specificity and positive and negative values of 100% in cases of SI strangulation (Scharner et al. 2002) .
The most accurate diagnostic parameters in determining the need for surgical intervention were the number of areas where distended loops of small intestine were visualized, decreased or absent motility, the degree of distention and shape. Increased wall thickness and sedimentation of ingesta were less important but should always be considered as a negative prognostic sign. The use of this protocol in diagnosing and determining the therapy for horses with small intestinal disorders likely resulted in higher survival rates than in previous studies. The short-term survival rates following surgical correction of SI disorders was claimed to be 66% (Baxter et al. 1989 ) to 75.2% (Mair et al. 2005 ). In our study, 83% horses treated surgically survived at least 10 days and 78% greater than 6 months.
In cases of functional ileus, ultrasound examination enabled continued monitoring during conservative therapy and decreased the need to perform invasive procedures such as passage of a nasogastric tube. This may also be beneficial economically as well as therapeutically. Expensive pharmacologic treatment may be able to be discontinued earlier.
Other authors have proven this method to be of great value in monitoring post-operative ileus (Holcombe 2003).
Summary
Only a small portion of the equine abdomen can be palpated per rectum. Ultrasound examination provides important additional information about the abdominal viscera. It is a valuable diagnostic tool for specific cases. Percutaneous abdominal ultrasound examination enables clinicians to gain valuable diagnostic information quickly and noninvasively.
Significantly higher surgical rate was observed when the small intestine was rounded on cross-section. This appearance was associated with a lack of progressive motility and increased distention. Wall oedema and visible sedimentation within the bowel's lumen were also negative prognostic findings. Overall, the most sensitive surgical indicator was the number of areas where amotile loops were observed. Only 60.9% of horses with small intestinal abnormalities had palpable distended loops on rectal examination.
